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Background: Diagnostic surgical breast biopsies have several disadvantages, therefore, they should be used with hesitation. We 
determined time trends in types of breast biopsies for the workup of abnormalities detected at screening mammography. We also 
examined diagnostic delays. 

Methods: In a Dutch breast cancer screening region 6230 women were referred for an abnormal screening mammogram between 
1 January 1997 and 1 January 2011. During two year follow-up clinical data, breast imaging-, biopsy-, surgery- and pathology- 
reports were collected of these women. Furthermore, breast cancers diagnosed >3 months after referral (delays) were examined, 
this included review of mammograms and pathology specimens to determine the cause of the delays. 

Results: In 41.1% (1997-1998) and in 44.8% (2009-2010) of referred women imaging was sufficient for making the diagnosis 
(P<0.0001). Fine-needle aspiration cytology decreased from 12.7% (1997-1998) to 4.7% (2009-2010) (P<0.0001), percutaneous 
core-needle biopsies (CBs) increased from 8.0 to 49.1% (P<0.0001) and surgical biopsies decreased from 37.8 to 1 .4% (P<0.0001). 
Delays in breast cancer diagnosis decreased from 6.7 to 1.8% (P = 0.003). 

Conclusion: The use of diagnostic surgical breast biopsies has decreased substantially. They have mostly been replaced by 
percutaneous CBs and this replacement did not result in an increase of diagnostic delays. 



Breast cancer is worldwide the most frequently diagnosed cancer, 
and the leading cause of cancer death among females (Jemal et al, 
2011). Also in the Netherlands, breast cancer is an important threat 
for public health. Breast cancer incidence in the Netherlands is 
among the highest in the world with the age-standardised rate 
being 128 out of 100 000 person years (European Standardised 
Rate) and the incidence is still increasing (IKCnet, 2012). Breast 
cancer survival has, fortunately, improved over the last decades 
(Louwman et al, 2008; Autier et al, 2010; Youlden et al, 2012), and 
this improved survival is probably due to the introduction of 
mammography screening and improvements in breast cancer 
treatment (Louwman et al, 2007; Autier et al, 2010). In the 



Netherlands, women aged 50-75 years are invited every 2 years to 
undergo mammography screening and in case of a mammographic 
abnormality, women are referred to a hospital for further 
diagnostic workup. This workup may consist of additional imaging 
and biopsy. There are various breast biopsy procedures, including 
percutaneous fine-needle aspiration cytology (FNAC), percuta- 
neous core-needle biopsy (CB) (ultrasound-guided or stereotactic 
vacuum-assisted) and invasive surgical biopsy. Surgical biopsies for 
diagnostic purposes should be omitted, as they increase unneces- 
sary psychological distress in false-positive referrals (Brett and 
Austoker, 2001; Bond et al, 2012) and benign breast surgery 
complicates interpretation of subsequent mammograms due to 
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postoperative changes (Brenner and Pfaff, 1996; Banks et al, 2004; 
Taplin et al, 2010; van Breest Smallenburg et al, 2012a, b). 
Surgical biopsy should also not be used for histological confirma- 
tion of a radiologically suspicious or malignant lesion. Confirma- 
tion of breast cancer by percutaneous biopsy allows a better 
preoperative planning (White et al, 2001; James et al, 2012) and it 
is associated with a lower likelihood of multiple breast surgeries 
(Duijm et al, 2009; Friese et al, 2009). In the current population- 
based study, we determined time trends in types of breast 
biopsies for abnormalities detected at screening mammography. 
We also determined the proportion of referred women who 
experienced a delay in breast cancer diagnosis and examined the 
causes of these delays. 



MATERIALS AND METHODS 



Study population. We included all women who were referred after 
screening mammography at one of two specialised screening units 
(one fixed unit and one mobile unit) in a breast cancer screening 
region in the south of the Netherlands between 1 January 1997 and 
1 January 2011. Women participating in the Dutch screening 
programme are asked to give written informed consent regarding the 
use of their screening and follow-up data for evaluation purposes. All 
women, except for three, approved. The three women who did not 
approve were not included in our study population. According 
to the Dutch Central Committee on Research involving Human 
subjects, institutional review board approval was not required for our 
type of study. 

Screening procedure and diagnostic workup. Details of the 
nation-wide breast cancer screening programme have been 
described previously (Fracheboud et al, 1998; Duijm et al, 2004). 
The Dutch nation-wide breast cancer screening programme offers 
biennial screening mammography to women aged 50-75 years. 
Digitisation of the breast cancer screening programme has recently 
been completed and in our breast screening region, transformation 
from analogue to digital screening took place in May 2009. All 
mammograms in this study were obtained by specialised screening 
mammography radiographers, and the examinations were inde- 
pendently double read by a group consisting of 12 certified 
screening radiologists. Each of the screening radiologists evaluates 
at least 5000 screening mammograms yearly. From 2003, in 
addition to radiologist double reading, the radiographers also 
actively participated in the assessment of the screening mammo- 
grams (Duijm et al, 2007a). Prior screening mammograms were 
always available for comparison in case of subsequent screening. In 
case of suspicious or malignant findings at screening mammo- 
graphy, the woman was referred by her general practitioner to a 
surgical oncologist at a regional hospital. A total of 16 hospitals 
were involved in the diagnostic workup of the referred women. The 
women underwent a physical examination by an oncologist, which 
was followed by mammographic workup of all suspect areas. The 
radiologist classified the radiological findings according to the 
American College of Radiology BI-RADS (D'Orsi et al, 2003) and 
decided whether additional procedures such as breast ultrasono- 
graphy, MRI and/or biopsy were indicated. The choice of 
additional procedures depended on the diagnostic workup 
protocols and the facilities available at the specific hospital 
involved in the workup. The radiologists' decision furthermore 
depended on national guidelines. In 2000, the first Dutch national 
guideline for breast cancer screening was published. This guideline 
required a target for preoperative diagnoses in women with 
suspected breast cancer of at least 70%. The guideline also 
suggested that one should use a percutaneous method, either 
FNAC or CB, for making the preoperative diagnosis (Rutgers and 
Tuut, 2001). In 2008, a new guideline increased the target for 



preoperative diagnoses to 90% (NABON, 2008). Biopsy of non- 
palpable lesions in our study population was always performed by 
radiologists, whereas sampling of palpable lesions was done either 
by surgeons or radiologists. During the 14-year period of our 
study, various breast biopsy procedures were used for the 
diagnostic workup, including FNAC, CB (ultrasound-guided or 
stereotactic vacuum-assisted) and open surgical biopsy. Between 
1999 and 2007, out-patient breast clinics became available 
at the hospitals involved in this study and between 2002 and 
2007 multidisciplinary teams were implemented for the routine 
evaluation of the clinical, radiological and biopsy results of all 
referred women. 

Follow-up procedure. For each referred woman, we collected data 
on radiology, pathology and surgical procedures at the hospitals 
where the mammographic screening abnormalities were evaluated. 
The follow-up period for all screened women included the time 
through the next screening round (the screening interval was 
~2 years). 

Delay in breast cancer diagnosis. A definite diagnosis of breast 
cancer >3 months after referral was considered as a diagnostic 
delay (Richards et al, 1999). To determine whether a diagnostic 
delay could be attributed to an erroneous radiologic assessment, 
two breast radiologists (LD, FJ) independently reviewed the clinical 
breast images of all women with a diagnostic delay. Each reviewer 
classified the lesions according to BI-RADS and discrepant 
assessments were resolved by consensus reading. To determine 
whether a delay in cancer diagnosis could be attributed to a false- 
negative histopathological result, a pathologist reviewed the biopsy 
specimen of women with a delay in breast cancer diagnosis who 
had had a prior breast biopsy with benign outcome. False-negative 
results due to erroneous pathologic assessments and due to 
sampling errors were both regarded as false-negative biopsy results. 
At review, both the radiologists and the pathologist knew that they 
reassessed cases with a delay in cancer diagnosis. 

Statistical analysis. Statistical analyses was performed per 2-year 
screening periods. The primary outcome measures were the time 
trends of imaging only, FNAC, percutaneous CBs, surgical biopsies at 
workup and the percentage of women who experienced a delay in 
breast cancer diagnosis. All data were entered into a computerised 
spreadsheet (Excel; Microsoft, Redmond, WA, USA). Statistics were 
performed using the SAS programme version 9.1.3 (Statistical Analysis 
Software; SAS/STAT Software, Cary, NC, USA). A ^-test was used to 
test the differences between categorical variables. Mean age according 
to hopital was tested using the ANOVA model. A regression analysis 
was performed to calculate odds ratios and their confidence intervals 
for determination of time trends in various breast biopsy types, 
adjusting for age and hospital.The significance level was set at 5%. 



RESULTS 



Overall screening results. From 1 January 1 1997 to 1 January 
2011 a total of 417 013 screening examinations had been perfor- 
med (Figure 1). Altogether, 6230 women were referred for further 
diagnostic workup of a mammographic abnormality (referral rate, 
1.5%). Breast cancer was diagnosed in 2214 referred women, 
yielding a cancer detection rate of 5.3 per 1000 screening 
examinations and a true-positive referral rate of 35.5%. Nine 
women had either not been referred by their general practitioner or 
their follow-up was unknown, and 4007 (64.4%) women had a 
benign outcome (i.e., false-positive referrals). 

Diagnostic workup after referral. In 2486 (40.0%) of the 6230 
referred women, evaluation of the abnormality detected at 
screening mammography consisted of imaging only (additional 
mammographic views, breast ultrasonography and/or MRI). In the 
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significantly increased and surgical biopsies significantly decreased 
(Table 2). The mean age of referred women was 60 and this was 
comparable between the 16 hospitals (P = 0.3). Main reasons for 
performing a surgical biopsy in women referred in 2009-2010 were 
possible (pre)cancerous lesions or inconclusive results at FNAC or 
CB (19 out of 24, 79.2%). 

Diagnostic delays. In 96 of the 2214 women with breast cancer 
(4.3%), the diagnosis was made >3 months after referral. This 
delay in breast cancer diagnosis was 4-6 months in 26 (27.1%) 
women, 7-12 months in 36 women (37.5%), 13-24 months in 21 
women (21.9%) and >24 months (24-28 months) in 13 women 
(13.8%). Most women presented with a delay within 12 months 
because a follow-up had been recommended at the assessment after 
referral from screening. The causes of the delays, the tumour stage 
distribution and axillary lymph node status are presented in 
Table 3. A total of 27 women with a delay (28.1%) had an advanced 
tumour stage at the time of diagnosis (advanced cancers were 
defined as invasive cancers with a tumour size > 20 mm (T2) and/ 
or the presence of metastasis in axillary lymph nodes). The total 
amount of women with a diagnostic delay decreased, from 6.7% 
(15 out of 224) in 1997-1998 to 1.8% (8 out of 344) in 2009-2010 
(P = 0.003). The majority of the diagnostic delays resulted from an 
erroneous BTRADS assessment (57.3%, 55 out of 96) or false- 
negative biopsy result (32.3%, 31 out of 96). Ten delays resulted 
from other reasons, including errors made by surgeons and 
patient-related delays. The majority of the delays (68.8%) that 
resulted from false-negative biopsies consisted of CB. Details of the 
biopsy procedures are also presented in Table 3. The pathologist 
reported that all false-negative biopsy results were due to sampling 
errors and not the result of erroneous pathologic assessments. 



DISCUSSION 



Surgical biopsies for diagnostic purposes have several disadvan- 
tages. We have reported in earlier studies that benign breast 
surgery, including surgical biopsy, can result in a lower sensitivity 



Table 1. Diagnostic procedures after referral for a screening mammography abnormality 





97-98 


99-00 


01-02 


03-04 


05-06 


07-08 


09-10 


Total 


P-value 


Total screens 


48 721 


53718 


53 489 


61 251 


66300 


67 530 


66004 


417013 




Referrals, no. (%) 


537 (1.1) 


499 (0.9) 


553 (1.0) 


985 (1.6) 


874 (1.3) 


1003 (1.5) 


1779 (2.7) 


6230 (1.5) 




False-positive referrals (FP), no. (%) 


311 (57.9) 


223 (44.7) 


299 (54.1) 


632 (64.2) 


550 (62.9) 


648 (64.6) 


1344 (75.5) 


4007 (64.3) 




True-positive referrals (TP), no. (%) 


224 (41 .7) 


276 (55.3) 


254 (45.9) 


350 (35.5) 


323 (37.0) 


354 (35.3) 


433 (24.3) 


2214 (35.5) 




Referrals unknown outcome, no. (%) 


2 (0.4) 


0 (0.0) 


0 (0.0) 


3 (0.3) 


1 (0.1) 


1 (0.1) 


2 (0.1) 


9 (0.1) 




Total FP + TP 


535 


499 


553 


982 


873 


1002 


1777 


6221 




Imaging alone, no. (%) 


220 (41.1) 


149 (29.9) 


198 (35.8) 


383 (39.0) 


323 (37.0) 


417 (41.6) 


796 (44.8) 


2486 (40.0) 


P<0.0001 


FNAC 


68 (12.7) 


76 (15.2) 


85 (15.4) 


135(13.7) 


138 (15.8) 


118 (11.8) 


84 (4.7) 


704 (1 1 .3) 




FNAC + CB 


7 (1.3) 


22 (4.4) 


29 (5.2) 


36 (3.7) 


48 (5.5) 


28 (2.8) 


32 (1.8) 


202 (3.2) 




CB 


36 (6.7) 


86 (17.2) 


146 (26.4) 


349 35.5) 


330 (37.8) 


410 (40.9) 


840 (47.3) 


2197 (35.3) 




CB+ surgical biopsy 


43 (8.0) 


43 (8.6) 


43 (7.8) 


53 (5.4) 


24 (2.7) 


24 (2.4) 


22 (1.2) 


252 (4.1) 




Surgical biopsy 


1 59 (29.7) 


123 (24.6) 


51 (9.2) 


26 (2.6) 


10 (1.1) 


5 (0.5) 


2 (0.1) 


376 (6.0) 




Unknown 


2 (0.4) 


0 (0.0) 


1 (0.2) 


0 (0.0) 


0 (0.0) 


0 (0.0) 


1 (0.1) 


4 (0.1) 




Total FNAC, no. (%) 


68 (12.7) 


76 (15.2) 


85 (15.4) 


135 (13.7) 


138 (15.8) 


118 (11.8) 


84 (4.7) 


704 (1 1 .3) 


P<0.0001 


Total CB, no. (%) 


43 (8.0) 


108 (21.6) 


175 (31.6) 


385 (39.2) 


378 (43.3) 


438 (43.7) 


872 (49.1) 


2399 (38.6) 


P<0.0001 


Total surgical biopsy, no. (%) 


202 (37.8) 


166 (33.3) 


94 (17.0) 


79 (8.0) 


34 (3.9) 


29 (2.9) 


24 (1.4) 


628 (10.1) 


P<0.0001 


Surgical biopsy per 1000 screens 


4.15 


3.09 


1.76 


1.29 


0.51 


0.43 


0.36 


1.51 


P<0.0001 


Abbreviations: CB = core-needle biopsy; FNAC = fine-needle aspiration cytology. 



remaining 3731 (60.0%) women, imaging was not sufficient for the 
establishment of a final diagnosis. Many women underwent a 
combination of biopsy types because of inconclusive results from 
FNAC and/or percutaneous CB (Table 1). A final diagnosis was 
obtained by FNAC in 704 (11.3%) referred women, by CB in 2399 
(38.6%) women and by surgical biopsy in 628 (10.1%) women 
(Table 1). The use of FNAC sharply decreased in the final years of 
the study period; in 1997-1998 12.7% (68 out of 535) of the 
diagnoses was made by FNAC, compared with 4.7% (84 out of 
1777) in 2009-2010 (P< 0.0001) (Figure 2). The percentage of 
women with a diagnosis obtained by CB increased from 8.0% (202 
out of 535) in 1997-1998 to 49.1% (24 out of 1777) in 2009-2010 
(P< 0.0001). Simultaneously, the percentage with a diagnosis made 
by surgical biopsy decreased from 37.8% (70 out of 535) in 1997- 
1998 to 1.4% (20 out of 1777) in 2009-2010 (P< 0.0001) (Table 1, 
Figure 2). Also after adjustment for age and hospital, FNAC 
significantly decreased, diagnoses made by percutaneous CBs 



417 013 Examinations 



Referral 
6230(1.5%) 



False positive (FP) 
4007 (64.4%) 



No referral 
410783 (99.5%) 



Screen-detected cancer (SDC) 
2214 (35.5%) 



FP and SDC together: 6221 

Only radiological examination: 2486 (40.0%) 
Radiological examination and biopsy: 3731 (60.0%) 
Unknown: 4 (0.1%) 

FNAC: 704 (11.3%) 

Core-needle biopsy (CB): 2399 (38.6%) 
Surgical biopsy: 628 (10.1%) 



No follow-up 
9 (0.1%) 



Diagnostic delays: 96 (4.3%) 

4-6 months: 26 (27.1%) 
7-12 months: 36 (37.5%) 
13-24 months: 21 (21.9%) 
>24 months: 13 (13.8%) 

Erroneous BI-RADS: 57.3% 
False-negative biopsy: 32.3% 
Other reason: 10.4% 



Figure 1 . Mammography screening outcome from 1 January 1 997 to 1 
January 2011. 
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60.0% 



CD 




0.0% 1 

'97-'98 '99-00 '01-02 '03-04 '05-06 '07-'08 '09-10 

Year 

Figure 2. Trends in biopsy procedures after referral between 
1 January 1997 to 1 January 2011. 



Table 2. Trends in b 


opsies adjusted for age and hospital 






Odds 


95% CI 


P-value 


FNAC 


1997-1998 
2009-2010 


1 

0.40 


0.28-0.57 


<0.0001 


CB 


1997-1998 
2009-2010 


1 

9.95 


7.15-13.85 


<0.0001 


SB 


1997-1998 
2009-2010 


1 

0.03 


0.02-0.04 


<0.0001 


Abbreviations: CB = core-needle biopsy; Cl = 
aspiration cytology; SB = surgical biopsy. 


confidence interval; 


FNAC = fine-needle 



for breast cancer detection at subsequent screening mammography 
(van Breest Smallenburg et al, 2012a; b). Furthermore, invasive 
assessments increase the unnecessary psychological distress of 
false-positive referrals (Brett and Austoker, 2001; Bond et al, 2012). 
In malignant cases, it is also desirable to avoid diagnostic surgical 
biopsies as a preoperative confirmation of breast cancer gives the 
patient and surgeon the possibility to discuss treatment options. A 
preoperative diagnosis also allows a better surgery planning (White 
et al, 2001; James et al, 2012) and it is associated with a lower 
likelihood of multiple breast surgeries (Duijm et al, 2009; Friese 
et al, 2009). During the 14-year period of our study, the use of 
FNAC fluctuated and then decreased in the most recent years. 
Fine-needle aspiration cytology is important for the assessment of 
cystic lesions and is, therefore, still useful in the workup of breast 
abnormalities (NABON, 2008). However, for solid lesions, FNAC 
has a higher insufficient sample rate and a lower diagnostic 
accuracy than other biopsy methods. Additional CB is frequently 
required following inconclusive FNAC results (Pisano et al, 2001; 
Duijm et al, 2007b; Willems et al, 2012), thus extending the period 
of anxiety and uncertainty before the final diagnosis has been 
made. For these reasons, FNAC should not be considered the 
diagnostic procedure of first choice for solid breast lesions. We 
attribute the strong decrease of FNAC in 2009 and 2010 to the 



implementation of digital screening in 2009. Digital screening 
especially increased the referral rate of women with suspicious 
microcalcifications (Nederend et al, 2012), which in turn resulted 
in an increase in the use of stereotactic-guided percutaneous 
vacuum-assisted CBs. The diagnostic workup of suspicious breast 
lesions by percutaneous CBs showed a substantial increase during 
the 14-year period of our study, whereas surgical biopsies became 
rare. Percutaneous CBs are equally accurate to surgical biopsies 
and have several advantages over surgical biopsy, including lower 
costs, a more rapid way of providing a diagnosis and lower 
complication rates (Verkooijen, 2002; Fajardo et al, 2004; Golub 
et al, 2004; Bruening et al, 2010). As a result, percutaneous CB is 
currently a widely used technique for evaluating breast abnorm- 
alities and CB has worldwide been accepted as a reliable alternative 
to surgical biopsy (Meyer et al, 1999; Brenner et al, 2001; Crowe 
et al, 2002). Despite the high diagnostic accuracy of CBs, equivocal 
biopsy results or discordance between radiological and histological 
findings is present in ~ 10% of core-needle biopsy procedures, 
necessitating repeated biopsy (Youk et al, 2007). Obviously, it is 
desirable to obtain a diagnosis in one biopsy session. More than 
one tissue sample should be taken and it is also advisable to assess 
the characteristics of these samples at biopsy. If the core sample is 
stiff, predominantly white, and sinks as soon as it is put in 
formalin, it is likely a diagnostic biopsy (Youk et al, 2007). Only in 
a limited number of cases surgical biopsies still have an additional 
value. A surgical biopsy is, for example, justified in case of a non- 
representative CB and in cases showing high-risk lesions or 
premalignant findings at CB (Shin and Rosen, 2002; Sydnor et al, 
2007; NABON, 2008). Furthermore, a surgical biopsy can be the 
biopsy-method of choice when patient characteristics (for example, 
extreme obesity or dementia) impede percutaneous biopsy. The 
replacement of surgical biopsies by percutaneous CBs was probably 
mainly the result of the introduction and revision of Dutch breast 
cancer guidelines. As mentioned before, the 2000 guideline 
required a target for a preoperative diagnosis in women with 
suspected breast cancer of at least 70% by using either FNAC or CB 
(Rutgers and Tuut, 2001), and the 2008 guideline increased this 
target to 90% (NABON, 2008). 

Besides the trends in biopsies, we also determined the frequency 
and causes of diagnostic delays in referred women, because the 
replacement of surgical biopsies by CBs may hypothetically have 
resulted in more false-negative biopsies and a higher proportion of 
women that experienced a delay in breast cancer diagnosis. The 
amount of delays in breast cancer diagnosis in our study 
population, however, decreased from 6.7 to 1.8% (P = 0.003). 
The introduction of breast-care units and multidisciplinary teams 
in the Dutch hospitals probably mainly explains this decline in 
delays. Also the introduction of breast cancer guidelines and the 
growing importance of quality indicators in Dutch breast cancer 
care have probably contributed to the decline in delays. The 
importance of multidisciplinary teams to improve the assessment 
of breast lesions has been described in several studies and the use of 
these teams is also recommended by breast cancer guidelines 
(Rabinowitz, 2004; Pruthi et al, 2007; NABON, 2008). The majority 
of diagnostic delays in our study resulted from erroneous BI-RADS 
assessments (57.3%) and false-negative biopsy results (32.3%). 
Diagnostic delays due to erroneous mammographic assessments 
are not uncommon, lesions can be missed, misinterpreted or 
overlooked (Ganry et al, 2004; Ciatto et al, 2007; Giess et al, 2012). 
Also false-negative biopsy results are known as probable causes of 
diagnostic delays (Youk et al, 2007). The majority of false-negative 
biopsy results in our study consisted of CBs (68.8%), all were due 
to sampling errors. Researchers describe that ~4% of CB results, 
both ultrasound- and stereotactic guided, are false negative 
(NABON, 2008). Therefore, attention for radiologic-histologic 
correlation is very important (Berg et al, 1996; Parikh and 
Tickman, 2005; Youk et al, 2007) and sometimes a repeated biopsy 



www.bjcancer.com | DOI:10.1038/bjc.2013.253 



245 



BRITISH JOURNAL OF CANCER 



Trends in breast biopsies 



Table 3. Details of delays in breast cancer diagnosis 


after referral 


















97-98 


99-00 


01-02 


03-04 


05-06 


07-08 


09-10 


Total 


Total true-positive referrals 3 , no. (%) 


224 


276 


254 


350 


323 


354 


433 


2214 


Delay in cancer diagnosis, no. (%) 


1 5 (6.7) 


17 (6.2) 


17 (6.7) 


1 7 (4.9) 


13 (4.0) 


9 (2.5) 


8 (1 .8) 


96 (4.3) 


Length of diagnostic delay 


4-6 Months 
7-12 Months 
1 3-24 Months 
>24 Months 


5 (33.3) 
7 (46.7) 
3 (20.0) 
0 (0.0) 


5 (29.4) 

6 (35.3) 
3 (17.6) 
3 (17.6) 


4 (23.5) 
8 (47.1) 
0 (0.0) 

5 (29.4) 


4 (23.5) 

6 (35.3) 

7 (41.2) 
0 (0.0) 


5 (38.5) 

3 (23.1) 

4 (30.8) 
1 (7.7) 


2 ((22.2) 

3 (33.3) 
2 (22.2) 
2 (22.2) 


1 (12.5) 
3 (37.5) 

2 (25.0) 
2 (25.0) 


26 (27.1) 
36 (37.5) 
21 (21.9) 
13 (13.5) 


Causes of diagnostic delay 


Incorrect BI-RADS 
False-negative biopsy 
Other reason 
Unknown 


12 (80.0) 
3 (20.0) 
0 (0.0) 
0 (0.0) 


11 (64.7) 
4 (23.5) 
2 (1 1 .8) 
0 (0.0) 


10 (58.8) 
5 (29.4) 
2 (11.8) 
0 (0.0) 


10 (58.8) 
5 (29.4) 
2 (11.8) 
0 (0.0) 


5 (38.5) 

6 (46.2) 
2 (15.4) 
0 (0.0) 


2 (22.2) 
6 (66.7) 
1 (11.1) 
0 (0.0) 


5 (62.5) 
2 (25.0) 
1 (12.5) 
0 (0.0) 


55 (57.3) 
31 (32.3) 
10 (10.4) 
0 (0.0) 


False-negative biopsy according to type of biopsy procedure 


FNAC 
CB 

FNAC and CB 
Surgical biopsy 


2 (66.7) 
1 (33.3) 
0 (0.0) 
0 (0.0) 


1 (20.0) 
0 (0.0) 

2 (40.0) 
2 (40.0) 


0 (0.0) 

1 (20.0) 
0 (0.0) 
4 (80.0) 


1 (20.0) 
3 (60.0) 
1 (20.0) 
0 (0.0) 


0 (0.0) 
6 (10..0) 
0 (0.0) 
0 (0.0) 


0 (0.0) 
3 (50.0) 
3 (50.0) 
0 (0.0) 


0 (0.0) 

1 (50.0) 
1 (50.0) 
0 (0.0) 


4 (12.5) 
1 5 (46.9) 
7 (21.9) 
6 (18.8) 


Tumour size of cancers with diagnostic delay 


DCIS 
T1a-b 
T1c 
T2 + 
Unknown 


4 (26.7) 
4 (26.7) 
6 (40.0) 
1 (6.7) 
0 (0.0) 


5 (29.4) 
5 (29.4) 
4 (23.5) 
3 (17.6) 
0 (0.0) 


2 (1 1 .8) 
7 (41.2) 
6 (35.3) 
2 (1 1 .8) 
0 (0.0) 


6 (35.3) 
2 (11.8) 
9 (52.9) 
0 (0.0) 
0 (0.0) 


1 (7.7) 
5 (38.5) 
4 (30.8) 
3 (23.1) 
0 (0.0) 


1 (11.1) 

2 (22.2) 

3 (33.3) 
2 (22.2) 
1 (11.1) 


2 (25.0) 

2 (25.0) 
1 (12.5) 

3 (37.5) 
0 (0.0) 


21 (21.9) 
27 (28.1) 
33 (34.4) 
14 (14.6) 
1 (1.0) 


Axillary lymph node status 


















N + 
N- 
Nx 


3 (20.0) 
12 (80.0) 
0 (0.0) 


1 (5.9) 
14 (82.4) 

2 (1 1 .8) 


4 (23.5) 
13 (76.5) 
0 (0.0) 


6 (35.3) 
9 (52.9) 
2 (11.8) 


2 (15.4) 
10 (76.9) 
1 (7.7) 


3 (33.3) 
6 (66.7) 
0 (0.0) 


0 (0.0) 
8 (100.0) 
0 (0.0) 


19 (19.8) 
72 (75.0) 
5 (5.2) 


Abbreviations: BI-RADS = breast imaging-reportir 
a Women diagnosed with breast cancer after refe 


g and data syste 
ral. 


n; CB = core biopsy; DCIS = ductal carcinoma in-situ; FNAC = fine-nee 


die aspiration cytology. 





is needed. False-negative results and delays in diagnosis from both 
erroneous BI-RADS assessments and false-negative biopsies can be 
reduced with optimisation of multidisciplinary approach and clear 
post-biopsy protocols. An additional time trend finding of our 
study was the increase of false-positive referrals from 57.9 to 75.5%. 
The most important explanation for this finding is probably the 
transition from screen-film mammography to full-field digital 
mammography screening in 2009, which resulted in increased 
referral rates, with a concomitant increase in both cancer detection 
rate and false-positive referral (Nederend et al, 2012). 

There are certain strengths and limitations of our study. First, 
both the radiologists and the pathologist knew that they reassessed 
cases with a delay in cancer diagnosis. The pathologist did not find 
any erroneous pathologic assessments, however, radiologist review 
bias may have resulted in a higher amount of cases judged as 
'missed cancers' due to erroneous BI-RADS assessments. Second, 
extrapolation of our results to other screening programmes may be 
limited by the fact that the design of the Dutch breast cancer 
screening programme and workup strategies differ from other 
countries. The Dutch referral rate of 1.5-2.5% is much lower 
than the 3-6% referral rates observed in other European countries 
and the referral rate of 10% or more in the United States (Perry 
et al, 2008; Dowling et al, 2010). Furthermore, the incidence of 
open surgical biopsy is much higher in the United States than in 
the United Kingdom and the Netherlands. Recent data suggest that 
in the United States, 30-40% of diagnostic breast biopsies still 



consist of surgical biopsies (Clarke-Pearson et al, 2009; Gutwein 
et al, 2011). 

A strength of our study is that with the information on biopsy 
time trends we are able to verify whether national guidelines are 
followed at our screening region. Furthermore, women who attend 
the screening programme can now be optimally informed on the 
steps that will be taken following referral. 

We conclude that women in a southern screening region of the 
Netherlands are nowadays rarely confronted with a diagnostic 
surgical biopsy for the workup of a screening mammography 
abnormality. Diagnostic surgical biopsies have mostly been 
replaced by percutaneous CBs. The replacement of surgical 
biopsies by percutaneous CBs did not increase the amount of 
delays in breast cancer diagnosis. 
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